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Cohort Studies
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Figure 1: An early cohort in search of favourable outcomes

Madhukar Pai, MD, PhD
McGill University

Montreal
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Cohort: origins of the word

THE ROMAN LEGIO

The Legion was
split into 10
Coha

The Cohorts were | 14g
divided mte | men & e & 161 & et & e
Centuries.
The First Cohort
contained five
cenmries of 160 | 140
I':I‘El.':]:\-. o L-JIJE.I met el met met el
The other cohorts
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Cohort was called
the Primus Pilus.
He was the best!




Introduction

 Measurement of the occurrence of events over time IS a
central goal of epidemiologic research

e Regardless of any particular study design or hypothesis,
Interest Is ultimately in the disease or outcome-causing
properties of factors that are antecedent to the disease or
outcome.

 All study designs (including case control and cross-
sectional studies) are played out in some populations over
time (either well defined cohorts or not)

— They differ in how they acknowledge time and how
they sample exposed and non-exposed as these groups
develop disease over time
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All the action happens within a “sea of person-time”
In which events occur

FIGURE 2 ’Crcpbicd {lluscration of the occurrence of
new (incident) cases over time in & candidate population
(of stze N; at time ¢t)

4
Morgenstern IJE 1980
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Cohort studies

Intuitive approach to studying disease incidence and risk factors:
1. Start with a population at risk
2. Measure exposures and covariates at baseline

3. Follow-up the cohort over time with
a) Surveillance for events or b) re-examination

4. Keep track of attrition, withdrawals, drop-outs and competing risks

5. For covariates that change over time, measure them again during
follow up

6. Compare event rates in people with and without exposures of interest

- Incidence Density Ratio (IDR) is the most natural and appropriate
measure of effect

- Adjust for confounders and compute adjusted IDR
- Look for effect measure modification, if appropriate



Cohort studies

e Can be large or small

e Can be long or short duration

e (Can be simple or elaborate

e (Can look at multiple exposures and multiple outcomes

« Can look at changes in exposures over time

» For rare outcomes need many people and/or lengthy follow-
up

o Are usually very expensive because of the numbers and
follow-up requirements

 But once a cohort is established, can sustain research
productivity for a long, long time!
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Cohort: keeping track of people

Initial Cohort at the
Cohort end of follow-up
(n=1000) (n=989)

Time >

Figure 1-13 Diagram of a hypothetical cohort of 1000 subjects. During the
follow-up, four disease events (D) and seven losses to follow-up (arrows) occur,
so that the number of subjects under observation at the end of the follow-up
is 989.

Szklo & Nieto. Epidemiology: beyond the basics. Aspen Publishers, 2000
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Cohort study

EXPOSED

Initia.l Cohort at the
end of follow-up

(n-500) (n=493)
UNEXPOSED Ikﬂ \Al

Cohort at the
.end of follow-up

(n-500) (n=496)
>

Time

Figure 1-15 Same cohort study as in Figure 1-13, but the ascertainment of
events and losses to follow-up is done separately among those exposed and
unexposed.

Szklo & Nieto. Epidemiology: beyond the basics. Aspen Publishers, 2000



IE UE AOE AOE AOE AE AOE AE OE AE AEF AE AE UE WAE WUE UE AUE UE UE UEF UOEF UF UF UE OE OE OE UE WUE WAE iE
O I D O N e O O O O e D O N R D O N N O O O e N

Cohort study: direction of analysis goes from exposure to
outcome (even if outcomes have already occurred)

Become Remain
diseased nan—cy:.'seased

& :— Incidencew

|

time

}Relp,tive

pe Risk

Non"exposed ® :ﬁ Incidence

Figure 1-14 Basic analytical approach in a cohort study.

Szklo & Nieto. Epidemiology: beyond the basics. Aspen Publishers, 2000



General structure of a cohort study

» The passage of time is explicitly incorporated (difference between
beginning and end of the study)

« Observations are made on an outcome of interest (death, incidence of
disease, change in a biologic marker, health status)

— These measures may be made repeatedly throughout the study or
only at the beginning and end

* The purpose of the study may be:
— Focused: to test a specific hypothesis or
— Descriptive: to gather data with which to generate hypotheses
— Broad: to test multiple hypotheses

» One strong advantage of a cohort study over other designs is that the
dynamic nature of many risk factors and their relationships in time to
disease occurrence can only be captured in the cohort design
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Table 1. Types of outcomes for cohort

Discrete events
Single Events
Mortality
First occurrence of a disease or health-related outcome
Incidence (density)
Cumulative incidence (risk)
Ratios (incidence density and cumulative incidence)
Multiple occurrences:
Of disease outcome
Of transitions between states of health/disease
Of transitions between functional states
Level of a marker for disease or state of health
Change in a functional/physiologic/biochemical/anatomic marker for disease or health
Rate of Change
Patterns of growth and/or decline
“Tracking” of markers of disease/health
Change in level with time (age) 12
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How are cohorts assembled or identified?

By geographical region
— E.g. Framingham heart study
By occupational group
— Nurses health study
— British Doctor’s health study
— Gold miners study on TB in S Africa
By disease
— Multi-center AIDS Cohort (MACS)
By risk groups
— San Francisco Men’s Health Study (gay men)

— IV Drug Users cohort (ALIVE Study in Baltimore - AIDS Linked
to the Intravenous Experience)

By exposure event
— Japanese Atomic Bomb Survivors

_ 9/11 FDNY workers cohort -



R el B Lol | Laj B Lol | Lol ) Lol B Loap § Lol | Lol ) Log | Lol | Lol } Lol
i OE OE WOE 1E 1 1 1 IE OE OUE AE AE OE OUE @E AE AE @AE WUE WAE WUE WAE 1§
I O T e N N N T O O e D D O R D O N e O O O e N D

How are cohorts assembled or identified?

: Mycobacterium tuberculosis Infection
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Methods to define exposure and outcome
status

« EXxisting records
— Occupational (e.g. employee health records)
— Medical/pharmacy records
— Vital registration records (births, deaths)
— Census records
— Medicare database and the like
 Interviews/questionnaires

« Direct measurements on participants (e.g. periodic health
exams and tests)

15



IE UE AOE AOE AE AE OE UE AE @AE AE @AE WUE WAE WUE WUE @OE 0E UE

iE UE AOE OE OE OAE AE WOE WUE AE

Asthma Diagnosed after 11 September 2001 among Rescue and Recovery
Workers: Findings from the World Trade Center Health Registry

Katherine Wheeler,” Wendy McKelvey,! Lorna Thorpe,” Megan Perrin,” James Cone,” Daniel Kass," Mark Farfel,’

Pauline Thomas,2 and Robert BrackbilP

"New York City Department of Health and Mental Hygiene, New York, New York, USA; 2New Jersey Medical School, UMDNJ, Newark,

New Jersey, USA; *Agency for Toxic Substances and Disease Registry, Atlanta, Georgia, USA

BACKGROUND: Studies have consistently documented declines in respiratory health after
11 September 2001 (9/11) among surviving first responders and other World Trade Center (WTC)

rescue, recovery, and clean-up workers.

OBJECTIVES: The goal of this study was to describe the risk of newly diagnosed asthma among
WTC site workers and volunteers and to characterize its association with WT'C site exposures.

METHODS: We analyzed 2003-2004 interview data from the World Trade Center Health Registry for
workers who did not have asthma before 9/11 (n = 25,748), estimating the risk of newly diagnosed

asthma and its associations with WT'C work history, including mask or respirator use.

RESULTS: Newly diagnosed asthma was reported by 926 workers (3.6%). Earlier arrival and longer
duration of work were significant risk factors, with independent dose responses (p < 0.001), as were
exposure to the dust cloud and pile work. Among workers who arrived on 11 September, longer
delays in the initial use of masks or respirators were associated with increased risk of asthma;
adjusted odds ratios ranged from 1.63 [95% confidence interval (CI), 1.03-2.56) for 1 day of delay
to 3.44 (95% CI, 1.43-8.25) for 1640 weeks delay.

CONCLUSIONS: The rate of self-reported newly diagnosed asthma was high in the study population
and significantly associated with increased exposure to the WTC disaster site. Although we could not
distinguish appropriate respiratory protection from inappropriate, we observed a moderate protective
effect of mask or respirator use. The findings underscore the need for adequate and timely distribu-
tion of appropriate protective equipment and the enforcement of its use when other methods of
controlling respiratory exposures are not feasible.

KEY WORDS: asthma, disaster, masks, respirators, World Trade Center, workers. Environ Health

Perspect 115:1584-1590 (2007). doi:10.1289/ehp.10248 available via hetp.//dx.doi.org/ [Online
27 August 2007]

as a secondary means of controlling workers’
exposure to airborne contaminants, knowing
that that no device is fully protective, and that
the margin of safety afforded by their use is
strongly dependent on selection, fit, and
appropriate use (Martyny et al. 2002).

In the aftermath of the WTC disaster,
engineering controls clearly were not feasible.
Although steps were taken by a number of
entities to provide respiratory protection to
workers, adequate respiratory protection
devices were not immediately or universally
available or employed over the course of the
rescue and recovery response. Self-contained
breathing apparatuses typically used in fire-
tighting are not designed for long-term use
and generally were not employed at the site
beyond the first day of the collapse (Feldman
et al. 2004). The types of alternative devices
reportedly worn by emergency responders
and other workers ranged from surgical masks
and ordinary nuisance dust masks, which lack
certification for particulate exposure, to dis-
posable N95 respirators and half- and tull-
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Abstract

Aim: Based on hypotheses from experimental studies, we studied the association between
intrauterine exposure to coffee and the risk of dinically verified hyperkinetic disorder and
attention-deficit hyperactivity disorder (ADHD).

Methods: A cohort study with prospectively collected data from the Aarhus Birth Cohort, Denmark.
We included 24 068 singletons delivered between 1990 and 1998. Linkage was performed with
three Danish longitudinal registers: The Danish Psychiatric Central Register, The Integrated Database
for Labour Market Research and The Danish Civil Registration System. We identified 88 children with
hyperkinetic disorder and ADHD. Information about coffee consumption during pregnancy was
obtained at 16 weeks of gestation from self-administrated questionnaires. Potential confounding
factors were evaluated using Cox regression analyses.

Results: We found that infrauterine exposure to 10 or more cups of coffee per day was associated
with a threefold increased risk of hyperkinetic disorder and ADHD. After adjustments for a number of
confounding factors, the risk decreased and became statistically insignificant (RR 2.3, 95% Cl
0.9-5.9).

Conclusion: Prenatal exposure to high levels of coffee did not significantly increase the risk of dinically verified
hyperkinetic disorder and ADHD in childhood.
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Some Terminology

The terms “prospective,” “longitudinal,” and “follow-up” study (contrasted with
“retrospective” for case control studies) have been used synonymously for
cohort studies but this terminology is slowly being abandoned and replaced
with the term “cohort study”

Cohort studies are also designated by the timing of the data collection
(retrospectively or prospectively) in relationship to the investigator’s time

— Historical, retrospective, and nonconcurrent: collect data on events that
have already occurred

— Prospective: most widespread use is to refer to studies in which the
Investigators observe occurrence of events

— Note: exposures and outcome may or may not have already occurred
Single vs. double cohort

18
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Variants of cohort design
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Figure 2: Schematic diagram of concurrent, retrospective, and
ambidirectional cohort studies

19
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Prospective cohort design

Prospective

Defined
NON-RANDOMIZED

2028 No gy 1i No

Gordis: Epidemiology, 4th Edition.
Copyright © 2008 by Saunders, an imprint of Elsevier, Inc. All rights reserved

Time frame for a hypothetical prospective cohort study begun in 2008,

Gordis: Epidemiology 4E
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Retrospective cohort design

Retrospective
Defined

NON-RANDOMIZED

No ol ey ' No 008

Gordis: Epidemiology, 4th Edition.
Copyright © 2008 by Saunders, an imprint of Elsevier, Inc. All rights reserved

Time frame for a hypothetical retrospective cohort study begun in 2008.

Gordis: Epidemiology 4E
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Example of a retrospective cohort study

Bi4J 1997.315:396-400 (16 August)
Papers

Birth weight and risk of cardiovascular
disease in a cohort of women followed up
since 1976

Janet W Rich-Edwards, instructor,® Meir J Stampfer, profess sor® JoAnn E
Manson, associate profess -orb Be rnard Rosner, professor,® Susan E
Hankinson, assistant professor,® Graham A Colditz, profess Dr,':{:harles H
Hennekens, professor,P Walter C Willet, professor®

Abstract

Objective: To examine the a
between birth weight and non-fatal adult
cardiovascular dis e while controlling for
potential confounders such as
socioeconomic group and adult lifestyle.
Design: Retrospective self report of birth
weightin an ongoing longitudinal cohart of
nurses followed up by postal questionnaire
every two years

Setting: Murses’ health study, a cohort of 121 700 women followed up since
1976,

Main outcome measures; Mon-fatal cardiovascular disease, including
myacardial infarction, coronary revascularisation, and stroke.
Results: Among the 70 297 women free of cardiovascular dis
02 ueh.t|c|r|r|d|re there Wwere

Top

= Abstract
Introduction
Subjects and methods
Results
Discussion
References

ciation

se at baseline
who reported birth weight in the 19¢ g
: of non-fatal cardiovascular dis

mong women who
were singleto adjusted for

E'F:Il rardm

dozto101b 0 oz); 3

(P value for trend=0.000
heart disease and stroke.

Conclusions: These data provide strong evidence of an association between

birth weight and adult coronary heart disease and stroke.

). The inverse trend was 3ppjrent far tn:nth C nrclrur-f
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How was exposure determined?

In 1992 the women indicated their birth weight in categories of
pounds. These were not sure, <5 Ib, 5 Ib to 5% Ib, >5%1b to 7 Ib, >7
Ib to 8% Ib, >8Y%2 Ib to 10 Ib, and >10 Ib.

*The women also said whether they had been born full term or two
or more weeks prematurely and whether they were one of a multiple
birth (hereafter referred to as twins).

Validation of self reported birth weight

*The validity of self reported birth weights was tested among a
younger cohort of female nurses aged 27-44 years

* Birth weight was obtained from 220 state birth certificates, and
70% of participants reported the same birth weight category as their
birth certificate

*The Spearman correlation between categories of self reported and
recorded birth weight was 0.74

23
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How was outcome determined?

*Because we obtained information in 1992 on birth weight we were
able to consider only non-fatal cardiovascular end points that
occurred between the 1976 and 1992 questionnaires.

*Permission to review medical records was sought from participants
who reported a non-fatal myocardial infarction or stroke.

*The records were reviewed by doctors who were blind to the risk
factors of the participants.

*Non-fatal myocardial infarctions and strokes for which we could
not obtain hospital records but which required admission and were
corroborated by additional information in a letter or from a
telephone interview were classed as probable events.

24
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Fig 1 Relative risks with 95% confidence intervals for non-fatal cardiovascular disease by birth
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(Single) Cohort Study Design

Defined Population

No Randomization
Non Exposed
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(Double) Cohort Study Design

Non Exposed
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Methodologic advances in the cohort design

« Cohort studies have greatly evolved over

time EPIDEMIOLOGIC
« The challenge of coping with temporally
changing exposures and covariates can now
be tackled using increasingly sophisticated ot
designs for longitudinal data analysis. |

— The paucity of software and hardware
able to cope with such analyses
prevented their widespread application
until only recently

REVIEWS
lume 20 « Number 1 « 1998

Vol
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Modern era of cohort research (begins late
1940s, early 1950s)

« Landmark studies (some continue today)
— Framingham heart study
— Japanese atomic bomb survivors
— British doctors cohort study
« Key features of these cohort studies
— Size
— Richness of the data
— Sustained follow-up data over decades
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Framingham Heart Study

* Begun in 1948 to address rising incidence of CVD
o Key features in its success
— Selection of a small and cooperative community

— Sustained NIH support (maintained it as an
intramural project)

— Rigorous and standardized protocols for data
collection

— Third generation of family members now enrolled
(grandchildren of the original cohort!)

— Methodologic advances were forthcoming to permit
useful evaluation of such longitudinal data

« Example: first application of discriminant
analysis in epidemiology in 1967 (Truett et al.
A multivariate analysis of the risk of coronary
heart disease in Framingham. J Chronic Dis
1967; 20:511-24)—rpredicted 12-year
probability of developing coronary heart
disease based on levels of seven risk factors.

— >1200 publications over 50 years! 30




FRAMINGHAM HEART STUDY

A Project of the National Heart, Lung and Blood Institute and Boston University

About FHS Participants FHS Investigators | Risk Score Profiles  FHS Bibliography For Researchers

Welcome to the

Pfamfngham Heart Stud}r Genomic Research art the
Framingham Heart Study
In 1948, the Framingham Heart Study {(SHARe Study)
embarked on an ambitious project in health VIEW SHARe WEBSITE >=
research to identify the common factors that Recently the Honarable Michael
Tl dedie et 2 . 5 - . . - of Health and Human Services,
Lhe dedication of our thousanas following its development over a long period of

expressed the nation's

- . , ,
of participants has made, and . . - . "= o )
time in a large group of participants. appreciation to participants of the

continues to make, our rigorous _ _
Framaingham Heart Study. Their

epidemiologic research possible ) o
many vears of dedication has
made possible the SHARe (5NP
Health Asscciation Research)
project, the new state of the art
phase of scientific discovery
previously announced in the
Winter 2007 newsletter. The

SHARe project was officially

launched with a nationwide

presentation in Washington on

Fhillip Welf, MD, Principal Investigator, and Dan Lewy, MD, Cictaber 1. 2007
National Heart Lung and Blood Institute Director, with the staff of the Framingham Heart Study. MORE ==
Boston University
2 2008 Framingham Heart Study. Directions | Contact Info | Site Map | Site created by Schenkel/Stegman Communications Design

A

All rights reserved. Site edited by Esta Shindler. Updated menthly. Last updated September 24, 2008
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The Original Cohort of the Framingham Heart Study consisted of 5,

respondents of a random sample of 2/3 of the adult population of

Framingham, Massachusett to 62 years of age by household, in 19

Exam 28 for the Original Cohort ended in December of . Exam 29 for the
ginal Cohort began in April of 2

AGE-SEX DISTRIBUTION AT ENTRY (1948) T PEE—
Offspring Cohort

Age 29-39 40-49 50-62 Totals

Men

Women 1,042 962 _
5,124 men and women, Cons

Totals i 741 their spouses

AGE-SEX DISTRIBUTION AT ENTRY (1971)
Age <10 10-19 20-29 30-39 40-49 50-59 60-70 Totals

Men 0 - 3 . 293 2433 | Third Generation Cohort (Gen III)
Women P

A recent major
Tatals 3 3 the enrollment a

prior to the start of clinic e

November 2001 to prosp

one parent in th i s old
ation letters

By consenting to and completing Exam

en d in the Framingham Heart Study Gen lIl. 5

comple ibships and families in the
Cen lll participa

Women

Totals



Japanese atomic bomb survivor study

e Addressed consequences of ionizing radiation exposure

e Unlike Framingham study (which was designed to test multiple
hypotheses) this study had only one goal: to address the
conseqguences of 1onizing radiation exposure

» Radiation doses for sampled survivors were reconstructed and
they were entered into a cohort study with regular medical
exams

« This study provides the underpinnings of radiation standards
worldwide

33



Japanese atomic bomb survivor study (cont.)

e Some findings:

— Acute leukemia peaked about 1952 and then began to
decline

— By 1960 excesses of solid tumors were noted

— The study’s design encouraged methodological
developments related to measurement of time and age-
dependent effects, interaction of radiation with other
factors, and the consequences of measurement error
(reviewed in: Samet J. Epidemiologic studies of
lonizing radiation and cancer: past successes and future
challenges. Environ. Health Perspect 1997,
105(suppl4):. 883-9
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Doll and Hill cohort study of British physicians

e Was a follow-up of initial
observations from (mistrusted) e dscape
Case-contrOI StUdies Suggesti ng a Golden anniversary: data on 50 years of smoking in

British docs

very strong association between
smoking and lung cancer

e Began in 1951, continues in 2005

o 40 year follow-up reported in 1994 |
(Doll et al. Mortality in relationto | &7 & '
smoking: 40 years’ observations
on male British doctors. BMJ
1944; 309: 901-11)
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Doll and Hill cohort study of British physicians
(cont.)

€he New Aork Times ObituarieS

» Strengths of the study:

— Selection of a cooperative population
that could easily be followed for
mortality (pUbllC data) and Smoking ISllllnilscel:ald Doll Dies at 92; Linked Smoking to
status (mailed questionnaire) By LAWRENCE K

° Th iS StUdy 1 al Ong With 7 Other p rospeCtive Sn R_‘lch.]ld Doll, a British epidemiologist whose pioneering
0] h o) rt StUd i eS, were avali Iab I e for review studies lasting more than 50 vears linked smoking to lung

cancer, emphysema, heart attacks and many other ailments,

by th e S u rg eo n G e n e ral 7 S adv i SO ry died on Sw John Radcliffe Hospital in Oxford,

England. He was 92.
committee (Us Dept. HEW, Public Health Services. Sir Richard worked until his
Smoking and health: report of the advisory committee to the _adie 2\ | death, which was from acute heart failure, said Sir
) g . : = Richard Peto. a colleague for more thar
Surgeon General of the Public Health Service. Washington, ' 3

NYTimes.com Go to a Section »

L INvTSince 1981 ] Search

4 | "He was one of tl epidemi of our
DC: US GPO, 1964) = 'y time," he said 3 is work prevented
e millions of deaths and will prevent tens of millions
more deaths this century.”

Sir Richard's research extended to many other areas.

In an interview in a medical journal, he said that is
second-most-important wot s showing that even
Darmian Dovarzar 5 doses of ionizing radiation could produce




The era of large, focused, cohorts (1970’s +)

* NIH took the lead in establishing multicenter, prospective
cohort studies, especially in the area of cardiovascular
disease:

— Atherosclerosis Risk in Communities Study (ARIC)
— Cardiovascular Health Study
— Nurses Health Study (NHS)

* These studies attempted to increase external validity
through their multi-center design
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The era of large, focused, cohorts (1970’s +) cont.

Nurses’ Health Study
(began 1976)

— Original goal was to
evaluate risks of oral
contraceptives

— Has become one of
the principal sources
of observational data
on diet and chronic
diseases

— Questionnaires are
periodically mailed
out to thousands of
nurses

Site navigation

Home
AboutHis

General information

Change page font size

"One of the most significant
studies ever conducted on
the health of women."

-Donna Shalala, Former
Secretary of the US.
Depariment of Health and
Human Services

The
Nurses’ Health Study

Quick Links: NHS Ill Login | NHS Il Login | Donate | Contact Us

formation
on |\Edh|l

and many other ccmdmcurr
v and other lifestyle

Please choose from the link
find out more about the N

Did you know?

stradiol, particularly in the follicular phase of the
3 times the risk of breast cancer compared with

We found that premenopausa
menstrual cycle, and high
women with lower level

News from NHS Recently published NHS

studies
Exercise cuts risk of sudden cardiac death
Prospective study of dietary
patterns and chronic obstructive
pulmonary disease among US
women. V aso R, Fung TT, Erur

u kill yourself with too much

ying ter

"Despite all of the known benefits of exercise, there are
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Nurses’ Health Study

What happens to my questionnaire after I mail itin?

Welcome to the Channing Laboratory, home of the Nurses' Health Study. This is where all your
guestionnaires arrive to be sorted, counted, and processed by our research staff. We receive as many
Channing as 10,000 completed questionnaires each day.

X ol

-1
3w A 1
. Ewmnwuu &

L
= i

To handle all of this mail we employ approximately 25 Research Data Coders who are
responsible for sorting, counting, and coding the incoming questionnaires.

This is a typical day's mail after it has been sorted and counted into bundles of 50 surveys.
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Nurses’ Health Study

After each day's mail is counted, it is stored in our filing system to await coding. Here, Project Manager
Gary Chase, shows the new staff how to store the newly arrived envelopes.

—— ™0 Finally, the mail is away.

The next step is to process the forms. The staff open the mail and carefully review each form. The Coders
check for incomplete surveys, make sure each form is filled out in pencil (so that the marks will be captured
by our scanner), and assign codes for cereal, vitamin, and margarine brands.
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Nurses’ Health Study

When we encounter a form which needs extra attention, the staff places the form in a specially
labeled "Problem Box" to await review by a senior staff member or investigator.

Sometimes it is necessary to write back to the respondent to darify an answer.

Capturing your answers correctly is our main goal.

After a form is fully coded, it is ready to be scanned. Shown here, our scanner can read as many as
7,000 forms per hour. In addition to converting the pencil-filed bubbles into numeric data, the scanner
captures a digital image of each form which we archive and keep forever.

Following scanning, the data is then reviewed in our verification process. In this step, a senior staff
member uses a computer program to examine the data, looking for errors or omissions. The program
displays the data so that the operator can compare the answers that were captured by the scanner
against the actual paper questionnaire. In this way any missed marks or questionable answers can be
caught before the data is permanently saved.
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Snail Mail to Online Questionnaires!

Nurses’
Health Study III

“Linked to the past. Looking to the future.”

Welcome to the Nurses' Health Study Il Questionnaire
website. Thank you for participating in this important new
study of women's health.

To start, enter your Login ID and Password from your
invitation letter.

Thanks for being a participant in NHS3. Please click here to send
us an e-mail or call us at (617) 525-2 am-4pm Eastern
time,

The information you give us will remain strictly confidential and
will be used only for medical statistical purposes.
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Combined impact of lifestyle factors on mortality:
prospective cohort study in US women

Rob M van Dam, assistant professor of medicine,** Tricia Li, research fellow,’ Donna Spiegelman, professor
of epidemiology and biostatistics,** Oscar H Franco, researcher,” Frank B Hu, professor of nutrition and

epidemiology™*

ABSTRACT

Objective To evaluate the impact of combinations of
lifestyle factors on mortality in middle aged women.
Design Prospective cohort study.

Setting Nurses' health study, United States.

Participants 77 782 women aged 34 to 59 years and free
from cardiovascular disease and cancerin 1980.

Main outcome measure Relative risk of mortality during
24 years of follow-up in relation to five lifestyle factors
(cigarette smoking, being overweight, taking little
moderate to vigorous physical activity, no light to
moderate alcohol intake, and low diet quality score).
Results 8882 deaths were documented, including 1790
from cardiovascular disease and 4527 from cancer. Each
lifestyle factor independently and significantly predicted
mortality. Relative risks for five compared with zero
lifestyle risk factors were 3.26 (95% confidence interval
2.45to 4.34) for cancermortality, 8.17 (4.96t0 13.47) for
cardiovascular mortality, and 4.31 (3.51 to 5.31) for all
cause mortality. A total of 28% (25% to 31%) of deaths
during follow-up could be attributed to smoking and 55%
(47% to 62%) to the combination of smoking, being
overweight, lack of physical activity, and a lowdiet quality.
Additionally considering alcohol intake did not
substantially change this estimate.

Conclusions These results indicate that adherence to
lifestyle guidelines is associated with markedly lower
mortality in middle aged women. Both efforts to eradicate
cigarette smokingand those to stimulate regular physical
activity and a healthy diet should be intensified.

The proportion of deaths that is attributable to
lifestyle factors has been estimated by Mokdad and
colleagues and in the global burden of disease study,
using data on relative risks and the prevalence of risk
factorsfrom multiple sources.”” Asaresultof this broad
approach, the imprecision and potential biases affect-
ing the results were less transparent and the analysis of
lifestyle factors was less detailed than can be achieved
in a well characterised prospective cohort study. In a
cohort study in 11 European countries, an estimated
60% of deaths from all causes during 10 years of follow-
up could be attributed to lack of adherence to non-
smoking, a healthy diet, regular physical activity, and
moderate alcohol intake.'"” However, this study
included only 2339 participants, who were elderly
and mostly male, and whether the findings apply to
younger populations and women thus remains unclear.
We therefore examined combinations of lifestyle
factors in relation to cancer, cardiovascular, and all
cause mortality during 24 years of follow-up among
middle aged women who participated in the nurses’
health study. We also estimated population attributa-
ble risks, the proportion of deaths during follow-up that
could potentially have been avoided by adherence to
lifestyle guidelines.

METHODS

Study population

The nurses’ health study is a prospective cohort study
that was established in 1976 when 121700 female
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Multicenter AIDS Cohort Study (MACS)

e Began in 1984 with a cohort of
approximately 5,000 gay men

in four cities

e Study began before HIV was
identified as the cause of AIDS

o Collected complete clinical data
and stored blood specimens
every 6 months

o Used repeatedly to study risk
factors for HIV infection,
progression, and prognosis

Multicenter AIDS Cohort Study
MACS History MACS Forms

dy (MA 1 0Ngoing + Administrative Forms
fural and i

Highlights of MACS/WIHS Protocol and Cohorts

MACS Archives

900 public:
t contributions to understa of HIV, the
Mary of lhese MACS

MACS Directory

Contact informalion tor MA
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Methodologic advances driven by cohort studies

« Cohort data analysis fostered collaborations between
epidemiologists and biostatisticians

* One key advance was the development of sampling methods for
efficiently addressing the relation between exposure and outcome
(especially valuable when outcomes are infrequent)

— E.g. widespread use of nested case-control designs

* Another key advance was development of sophisticated
multivariable methods to address confounding and correlations
between repeated measures
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Methodologic advances driven by cohort studies
(cont.)

— Example: nested case-control study compares the exposure history
of the cases within a cohort to controls in the cohort sampled from
the time at which the cases developed

* Nested case control studies are usually analyzed using
conditional logistic regression

— Example: case-cohort study compares covariate data for cases
with that of a random sample of controls drawn from the start of
the study

 Case-cohort studies are usually analyzed with Cox
regression(with staggered entries and robust methods for
calculation of standard errors)
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TABLE 1. Overview of analytical methods for cohort studies

Comparison Measure
Qutcome i?en;m Exposediunexposed Muitiple ' of ,
(2-sample) (regression) association
Events in person-years  Incidence rate (O-E)2var Poisson Relative incidence
Time to event Kapian-Meier/maximum  Logrank or Mantel- Proportional hazards/
likelihood estimates Haenszelfiikelihood  parametric Relative hazard/relative
ratio test percentile or time
Time o event; Extended Kaplan-Meier ~ Extended logrank Proportional hazards, Relative hazard
exposures changing staggered entries
Case in nested case-  Proportion exposed Paired chi-square or Conditional logistic Qdds ratio
control McNemar
Case in nested case-  Proportion exposed (Robust) logrank Proportional hazards, Relative hazard
cohort ' staggered entries
Intermediate outcome ~ Change Regression for correlated  Differences in change
repeatedly measured data; marginal, over time
conditional, random
effects

Epidemiol Rev  Vol. 20, No. 1, 1998
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Data analysis in cohort studies in the 1970’s

* Prior to the 1970’s, analyses of cohort data were based
primarily on life-table methods; binary variables were the
principal outcomes

* Methods extended to cohort analysis (such as discriminant
analysis and logistic regression) did not explicitly
Incorporate time

o Seminal paper by Cox (J.Royal Stat Sci 1972;B34:187-202)
provided the basis for what is known as proportional
hazards (Cox) regression

» Poisson regression methods were extended in the 1970’s for
the analysis of events in person-years data structures

— Particularly useful for the analysis of trends and changes in incidence of
disease over calendar time

— Of great utility for data in which specific time origin is not well-defined ~ 4®



Data analysis in cohort studies in the 1980’s and
1990’s

« Development of techniques for longitudinal data analysis:
the analysis of markers of disease progression observed
repeatedly (e.g. blood pressure, weight, etc.)

» Four broad categories of longitudinal data analysis with
repeated measures:

— Marginal models
— Transitional models
— Random effects models

— Regression trees (“CART” refers to regression and
classification trees)
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Data analysis advances in the 1990’s and 2000’s

 Unified framework for linear models articulated under which
linear, logistic, Poisson, and many survival regression models
could be viewed as specific cases of generalized linear models
(“GLM™)
— Extensions of this model permit relaxation of the assumptions
previously required and triggered the development of new
techniques (such as quasi-likelihood)

— These new GLM methods can:

« Cope with more complicated variance structures (e.g.
correlated data)

 Handle nuisance correlations with robust methods for
approximating estimated standard errors

* Mixed and hierarchical models (multi-level models)
* Models that handle time dependent variables
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Bias In cohort studies

e Selection bias
e Information bias
« Confounding
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POTENTIAL BIASES IN COHORT STUDIES

A number of potential biases must be either avoided or taken into account in conducting cohort studies. The major biases include the
following:

1. Bias in assessment of the outcome: If the person who decides whether dis 1as developed in each subject also knows
whetherthat -:-UtllJE!L-t was exposed, and if that person is aware of the hypoth being tested, that per judgment as to
whether the disease developed may be biased by that knowledge. This problem can be addressed by masking the person who is
making the disease assessment and also by determining whether this person was, in fact, aware of each subject's exposure
status.

2. Information bias: If the quality and extent of information obtained is different for exposed persons than for nonexposed persons, a
:iqniﬁrant bias can bP intrnduced Thi: i: p:.slrtirul.slrly-r IiI~'n=I1J,.r to occur |r1 histaric aI cohort stud in which information is obtained

C ssential that the quality of the

mfurmatu_ln uhtalned be +:|:|mparable in buth ex p_:ed and none .d mdr-ndual:s:-
3. Biases from nonresponse and losses to follow-up: As was discussed in connection with randomized trials, nonparticipation and
nonresponse can introduce major biases that can +:|:|rr1plirat|= the interpretation of the study findings. Similarly, loss to follow-up
can be a serious problem: If people with the disease are selectively lost to follow-up, the incidence rates calculated in the exposed
and nonexposed groups will clearly be difficult to interpret.
. Analytic bias: As in any study, if the epidemiologists and statisticians who are analyzing the data have strong preconceptions,
they may unintentionally introduce their biases into their data analyses and into their interpretation of the study findings.
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Selection bias In cohort studies

e Examples:

— Bias in using the general population as a comparison group
for occupational cohorts

— Bias due to differential drop-out rates among exposed and
unexposed

 E.g. cohort study on progression to AIDS
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Selection Bias: Cohort Studies

Example: Cohort study of progression to AIDS: IV drug users (IDU) vs homosexual

men

In general, getting sicker is a common reason for loss to follow-up

Therefore, persons who are lost to follow-up have different AIDS incidence
than those who remain (i.e., informative censoring)

In general, IDU more likely to become loss to follow-up - at any given level of
feeling sick

Therefore, the degree of informative censoring differs across exposure groups
(IDU vs homosexual men)

Results in selection bias: underestimates the incidence of AIDS in IDU relative
to homosexual men
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Probability
of being

AIDS-free

Selection Bias: Cohort Studies

Effect of informative censoring
In homosexual male group

Effect of informative
censoring in IDU group

= = e .
-
-
-—
-—
= —
—
e e e o e o =

Survival assuming no
Informative censoring and
no difference between IDU
and homosexual men
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Information bias In cohort studies

Sources:

— Misclassification of exposure at baseline (not likely to be influenced by
outcome status)

— Changes in exposure status over time (time-dependent covariates;
dynamic exposures)

— Ascertainment of outcomes during follow-up (which can be influenced
by knowledge of exposure status: “detection bias” or “outcome
Identification bias” or “diagnostic suspicion bias”™)

 Clinical example: pathologist more likely to use the term
“alcoholic cirrhosis” when evaluating a borderline liver
specimen if the pathologist knows the patient is alcoholic

» Another example: nephrologists sent simulated case histories in
which the patient’s race was identified randomly as black or
white.

— The nephrologists were 2x more likely to make a diagnosis
of hypertensive end-stage renal disease if the patient was
identified as black in the history
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Confounding: a key concern with cohort studies

Table 1 Comparison of cohort studies and randomised controlled trials

Item Cohort studies Randomised controlled trials

Populations studied Diverse populations of patients who are observed in a range of  Highly selected populations recruited on the basis of detailed
settings criteria and treated at selected sites

Allocation to the intervention Based on decisions made by providers or patients Based on chance and controlled by investigators

Outcomes Can be defined after the intervention and can include rare or Primary outcomes are determined before patients are entered
unexpected events into study and are focused on predicted benefits and risks

Follow-up Many cohort studies rely on existing experience (retrospective  Prospective studies; often have short follow-up because of
studies) and can provide an opportunity for long follow-up costs and pressure to produce timely evidence

Analysis Sophisticated multivariate techniques may be required to deal Analysis is straightforward
with confounding

Rochon et al. BMJ 2005 58
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Cohort study on HRT and cardiovascular disease

POSTMENOPAUSAL ESTROGEN THERAPY AND CARDIOVASCULAR DISEASE
Ten-Year Follow-up from the Nurses’ Health Study
MEIR J. Stamprer, M.D., Granam A, CorLmitz, M.B,, B.S., WarTer C. W iverr, M.D,,

JOANN E. Manson,

M.D., Bernarp Rosner, Pu.D., Frank E, Seeizer, M.D.,

AND Charies H. Hennekens, M.D,

Abstract Background, The effect of postmenopausal
estrogen therapy on the risk of cardiovascular disease
remains controversial. Qur 1985 report in the Joumnal,
based on four years of follow-up, suggested that estrogen
therapy reduced the risk of coronary heart diseass, but a
report published simultaneously from the Framingham
Study suggested that the risk was increased. In addition,
studies of the effect of estrogens on stroke have yielded
conflicting results.

Methods. We followed 48,470 posimenopausal wom-
en, 30 to 63 years old, who were participants in the
Nurses’ Health Study and who did not have a history
of cancer or cardiovascular disease al base line. Dur-
ing up to 10 years of follow-up (337,854 person-years),
we documented 224 strokes, 405 cases of major
coronary disease (nonfatal myocardial infarctions or
deaths from coronary causes), and 1263.deaths from all
Causes.

Results. After adjustment for age and other risk fac-
lors, the overall relative risk of major coronary disease in
women cumently taking estrogen was 0.56 (95 percent
confidence interval, 0.40 1o 0.80); the risk was significantly
reduced among women with either natural or surgical

menopause. We observed no effect of the duration of es-
trogen use independent of age. The findings were similar
in analyses limited to wornen who had recently visited their
physicians (relative risk, 0.45; 95 percent confidence inter-
val, 0.31 to 0.66) and in a low-risk group that excluced
women reporting current cigarette smoking, diabetes, hy-
pertension, hypercholesterolemia, or a Quetelet index
above the 90th percentile (relative risk, 0.53; 95 percent
confidence interval, 0.31 to 0.91 ). The relative risk for cur-
rent and former users of estrogen as compared with those
who had never used it was 0.89 (95 percent conlidence
interval, 0.78 to 1.00) for total mortality and 0.72 (95 per-
cent confidence Interval, 0.55 to 0.95) for mortality from
cardiovascular disease. The relative risk of stroke when
current users were compared with those who had never
used estrogen was 0.97 (95 percent confidence intarval,
ﬂiﬁﬁ 10 1.45), with no marked differences according to type
of stroke.

Conclusions. Current estrogen usa is associated with
a reduction in the incidence of coronary hear disease as
well as in mortality from cardiovascular disease, but it is
not associated with any change in the risk of stroke.
(N Engl J Med 1991; 325:756-62.)
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Confounding was adjusted using multivariate analysis

Table 2. Relative Risk of Cardiovascular Disease among Current and Former Posime usal Hormone Use i
rs, as Com
Those Who Never Used Postmenopausal Hormones, after Adjustment iorn:gea and Muitiple Risk Factors.* pared wi

No. of
Person- Maton CoroNary FATAL CARDIOVASCULAR 4 UBARACH
Geouet YEARS Disgasn Disoase ‘l_‘nnt. STROKE IscHEMIC STROKE ﬁtmmb
NO. OF NO, ar KO. OF N0, OF NO, OF
CASES RR (95% CI) CAIES RR {93% CI) CASES RR (93% CI) CASES RR (95% Cl) CASES RR {95% Cl)
No hormeone use 179,194 250 1.0 120° 1.0 123 1.0 56 1.0 19 1.0
Current hormone use 73,532
Adjusted for age — 45 0.51 (0.37-0.70) 21 0.48 (0.31-0.24) 39 0.96 (0.67-1.37
J x A . X X R O67-1.37) 23 1.26 (0.78-2.02) 5 0.80 (0.30-2. 10)
Adjusted for and —_
é::f age - 0.56 (0.40-0.80) 0.61 {(0.37-1.00) 0.97 (0.65-1.45) 1.46 (0.85-2.51) 0.53 (0.18-1.57)
Former hormone use B5.128
Adjusted for age — 10 0.91(0.73-1.14) S5 0.84 (0.61-1.15) 62 1.00 {0.74 :
I A X . X Bl=1. . L14-1.36) 34 1.14 (0.75-1.74) 12 1.42 (0.70-2.90
Am [g:gc and — 0.83 (0.65-1.05) 0.79 {0.56-1.10) 0.99 (0.72-1.36) 1.19 (0.77-1.86) 1.03 :0.4‘?-2.25:

*RR denotes. relative risk, and C1 confidence interval,

Iwm-immmmmuhmmhmmmmmmmmmm in five-year categories l (none,
2 ivariate models were fi ies), cigaretie smoking

Eormer, cumrent |1 to 14, ls_mzd.mdﬂ:'ndmwﬁﬂl.hmuﬂ.m¢mw. nl.ﬁ;bmdnhmﬂkmuu.x ::lmidmmdiﬂhflt:hbdmh oﬁl;
t;u.u).Quﬂ:HMﬂuﬁvemesoml}.Fﬂmdunlmivulmm}.niﬁupuinﬂinﬁwmmwm}. ) h
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RCT on HRT and cardiovascular disease

Randomized Trial of Estrogen Plus
Progestin for Secondary Prevention

of Coronary Heart Disease in

Postmenopausal Women

Stephen Hulley, MD; Deborah Grady, MD; Trudy Bugh, PhD; Curt Furberg, MD, PhD;

David Herrington, ML E

for the Heal

Context—Observational studies have found lower rates of coronary heart dis-
ease (CHD) in posimenopausal women who take estrogen than in women who do
not, but this potential benefit has not been confimed in dlinical frials.

Object.ive.—TG determine if estrogen plus progestin therapy alters the risk for

3 in postmenopausal women with established coronary disease.

DE':-I_]H —Randomized, biinded, placebo-controlled secondary prevention trial.

Setting.—Outpatient .:nd ccmmurrt'-.l settings at 20 US clinical

Participants.—A total of 2763 women with coronary dise
years, and postmenopausal with an intact uterus. Mean age

Intervention.—Either 0.625 mg of conjugated equins esiroge
rogesterone acetate in 1 tablet daily (n=1380) or a placebo of identical

]  (n=1383). Follow-up averaged 4.1 of those assigned to
homone treatment were taking it at the end of 1 year, and 75% at the end of 3 years.
Main Outcome Measures.—The primary outcome was the occurmence of non-
fatal myocardial infarcti CHD death. Secondary cardiovascular outcomes
'r|-| |IJdEd {xmrsan on, unstable angina, congestive heart failu
C )kv or T.ransxerrt ischemic attack, and peripheral :

Fte-:-ult% —Cruer I: merem-re no lg cant dnTerm{:er betwesn ( ;rcupf in the
mm.:r',a {:Lt{::cm- orine ‘jﬂ',' ofme ndarg.' cardiovascular outcomes: 172

|retal1 Ve I'FJ..HH:I [RH], O mnﬁdence |rterual [C1], 0.

overall effect occumed despite a net 11% lower low-density lipoprotein cholesterol

level and 10% higher high-density lipoprotein cholestercl level in the hormone group

compared with the placebo group (each P-.001). Within the overall null effect, there

was a stafistically significant time trend, with more CHD e n the homone

g'mp than inthe placebo group inyear 1 and fewer in y 4 and 5. More women
VENOUS trrmllx'en -

, There were no significant diffen
eml Dther Hnd points for which power was rted including fracture, cancer, and
total mortality (131 va 123 deaths; RH, 1. .
Conclusions.—During an average 'r-)llu:w P r:rf -I

conjugated equine estrogen plus medroxyprogesterons ate did not reduce the

overall rate of CHD events in postmenopausal women with established coronary
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Confounding was not an issue because of randomization

Table 1.—Baseline Characteristics of HERS Participants | by Treatment Group™*

Treatment Group

Estrogen-Progestin Flacebo
Characteristic (m=1380) [(n=1383)
Demographics
Age, meanzsSD, v B7£7 BT+7

Education, meantS
CHD risk factors
Current smioker, %

Diastolic blood pressure, mean
LOL cholesterl, meant30, mmo ) 3.75 (14 3.75+0.98 (145&
HEL cho [ 1.2840.34 (50+1

Body mass inde
Exarcis 3 times weskly, %

Mo. of drinks per week, meant50D

Fostmenopausal estrogen use
CHD manifestations
Signs of congestive heart failure, %3
Q-wave myocardial infarction, %
Percutansous coronary revascularzato
ronary artery bypass graft surgery, %
Medication use
Aspirin, %

62

Multivitamins, %
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B-File #1 provides the full story

1§ E(B)FILES

Case studies of bias in real life epidemiologic scudies

Bias File 1. The Rise and Fall of Hormone Replacement Therapy
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Critical appraisal of cohort studies

o Example: The Newcastle-Ottawa Scale
» Selection
— 1) Representativeness of the exposed cohort
— 2) Selection of the non exposed cohort
— 3) Ascertainment of exposure

— 4) Demonstration that outcome of interest was not present at start
of study

o Comparability

— 1) Comparability of cohorts on the basis of the design or analysis
e Outcome

— 1) Assessment of outcome

— 2) Was follow-up long enough for outcomes to occur

— 3) Adequacy of follow up of cohorts

64
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NEWCASTLE -OTTAWA QUALITY ASSESSMENT SCALE
COHORTSTUDIES

: A study can be awarded a maximum of one star for each numbered item within the Selection and
Outcome categories. A maximum of two stars can be given for Comparability

Selection
1) Representativeness of the exposed cohort
a) truly representative of the average (describe) in the community []
b) somewhat representative of the average in the community [
c) selected group of users eg nurses, volunteers
d) no description of the derivation of the cohort
2) Selection of the non exposed cohort
a) drawn from the same community as the exposed cohort []
b) drawn from a different source
c¢) no description of the derivation of the non exposed cohort
3) Ascertainment of exposure
a) secure record (eg surgical records) []
b) structured interview [
c) written self report
d) no description

4) Demonstration that outcome of interest was not present at start of study

a) study controls for __ (select the most important factor) []
b) study controls for any additional factor [] (This criteria could be modified to indicate specific
control for a second important factor.)
Outcome
1) Assessment of outcome
a) independent blind assessment []
b) record linkage []
c) self report
d) no description
2) Was follow-up long enough for outcomes to occur

a) yes (select an adequate follow up period for outcome of interest) []

a) complete follow up - all subjects accounted for []

b) subjects lost to follow up unlikely to introduce bias - small number lost - > % (selectan
adequate %) follow up, or description provided of those lost) []

c) follow up rate< ___ % (select an adequate %) and no description of those lost studies@fymeta-analyses

d) no statement GA Wells, et al.

http://www.ohri.ca/programs/clinical_epidemi
ology/oxford.htm

The Newcastle-Ottawa Scale (NOS) for
assessing the quality of nonrandomised
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PLOS mepicine

OPEN a ACCESS Freely available online

The Strengthening the Reporting of STROBE
Observational Studies in Epidemiology (STROBE) Checklist
Statement: Guidelines for Reporting for
Observational Studies Cohort

Erik von Elm’ ‘, Douglas G. Altmanz, Matthias Egger1'3, Stuart J. Pocock“, Peter C. Gatzsches,

Jan P. Vandenbroucke® for the STROBE Initiative Stud i eS

1 Institute of Social and Preventive Medicine (ISPM), University of Bern, Bern, Switzerland, 2 Centre for Statistics in Medidne, University of Oxford, Oxford, United Kingdom,
3 Department of Social Medicine, University of Bristol, Bristol, United Kingdom, 4 London School of Hygiene and Tropical Medicine, University of London, London, United
Kingdom, 5 Mordic Cochrane Centre, Copenhagen, Denmark, 6 Department of Clinical Epidemiclogy, Leiden University Hospital, Leiden, The Netherlands

STROBE Statement—Checklist of items that should be included in reports of coltort studies

Item
No

Recommendation

Title and abstract 1 (a) Indicate the study’s design with a commonly used term i the title or the abstract

(b) Provide in the abstract an informative and balanced summary of what was done

and what was found

Introduction

Background rationale 2 Explain the scientific background and rationale for the investigation being reported

Objectives State specific objectives, including any prespecified hypotheses

Methods

Study design 4 Present key elements of study design early in the paper

Setting 5 Deseribe the setting. locations, and relevant dates, including periods of recruitment,

exposure, follow-up. and data collection

Participants 6 (a) Give the eligibility eriteria, and the sources and methods of selection of

participants. Describe methods of follow-up

(b) For matched studies, give matching criteria and number of exposed and

unexposed

Variables 7 Clearly define all outcomes. exposures, predictors, potential confounders, and effect

modifiers. Give diagnostic criteria, if applicable

Data sources/ 8% For each variable of interest. give sources of data and details of methods of

measurement assessment (measurement). Describe comparability of assessment methods if there 1s

http://www.strobe-statement.org , more than one group




Required readings

o Gordis text:
— Chapter 9: Cohort studies
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How long your Prof.
thinks it should take
to do something

“Trivial”

“Easy enough”

“About a week”

“Should keep you
occupied for the rest
of the term”

“This might make a
good thesis topic”

“*Hmmm..."

How long it'll
actually take you
todoit

There goes your week.

Pull your hair out for
a month.

Actually, this is pretty
easy. Helshe doesn't
know there's technology
that will do this for you
now. Take the week off!

Hefshe will forget they
asked you to do this by
the end of the term.
Don't even bother.

Say hello to your
thesis topic.

Uh oh.

JORGE CUAM 22008

WWW.PHDCOMICS. COM
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